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I. Introduction
As the device size shrinks it becomes more important to understand and quantify phenomena such as transient enhanced diffusion of boron. Models that predict the behavior of boron during different annealing conditions are necessary to reduce the cost in the development of future devices. For these models to be predictive they must include all the physical phenomena underlying the macroscopic effect of enhanced Boron difhivity. In particular, ultra shallow profiles [l] present many challenges for the construction of predictive models.
Several issues must be investigated in order to understand all the processes Occurring during the implantation and annealing of these very low energy implanted dopants, such as the interaction of the dopants with the surface. Moreover, in order to reduce the thermal budget for the production of such devices, new high temperature processes are being used [2] . These anneals consist, mostly, on the rapid increase of the temperature, with ramp rates from 75 C per second, to as fast as 150 C/s, and going to temperatures as high as 1050 C. This differs fiom the conventional furnace anneal during several minutes at medium temperatures, 800 C. In this paper we present a first approach to the understanding of the ramp rate on the \activation of boron atoms. We use kinetic wonte Carlo simulations, following the model developed by Heinisch to study radiation damage problems in metals 'by G. Gilmer [6] 
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Following the implantation we have studied the evolution of the boron for different annealing conditions, the conventional fiunace anneal at 800 C for 30 minutes, and ramp anneals to a final temperature of 1050 C, with different ramp rates.
Results
After the final dose has been reached in the implantation process, most of the Boron is forming clusters of the type I BI (one boron and one silicon selfinterstitial) or B12 (one boron and two selfinterstitials). Vacancies are forming small clusters (size 2 or 3) and interstitials are mostly single. Only 25% of the total \implanted dose is active after the 'implantation. Fig 1 shows After the implantation only -25% of the total implanted dose is active. After 2 seconds the amount of 'boron active increases rapidly until it reaches maximum value of 58% of the total implanted dose. We should point out that -30% of the implanted boron atoms accumulate at the surface. The interaction of the dopants 'with the surfaces needs to be investigated in more detail.
We have done simulations for different ramp rates and the same final temperature, 1050 C. Ramp rates between 175 C/s and 200 C/s were considered in 'these simulations. In fig 2(a) we show the result values of the percentage of boron active during annealing for these ramp rates as a function of annealing time.
Observe that, as expected, the maximum activation is observed at earlier times as the ramp rate increases . Fig 2(b) shows the percentage of active boron for the different ramp rates as a function of annealing temperature. Observe that for all cases the activation of boron occurs in a narrow temperature gap, between 350 C and 600 C, independently of the different ramp ;rates. We can not extract any conclusions 'about the different total activations at the end of the anneal, since the differences observed are in the error of the calculation.
As for the final boron concentration profile, no significant differences were observed in the simulatih for all the different ramp rates studied.
We have simulated the furnace anneal of the lkeV B profile for a temperature of 800C and a total time of 60, minutes. Fig 3 shows the concentration of the boron as a function of depth for the asimplanted profile, finace anneal and anneal at a ramp of 15OCls up to 1050 C. The larger broadening is observed for the case of h a c e anneal. For a concentration, of IO" cm", the profile broadens to ai depth of 1 l o r n for the case of furnace anneal while only to 80nm for the case of a ramp anneal. We also studied the lateral; spreading of the implanted profile. For the' case of furnace anneal 2.3% of the implanted boron diffused under the gate while only 0.9% of the implanted boron diffused in the ramp case.
We can conclude that-ramp anneals provide of a larger activation of the boron than in the case of furnace anneals, with smaller boron enhanced dimion. More simulations are on the way in order to study the effect of the ramp anneal on the final amount of boron active. 
